ABSTRACT -Seeds of Eugenia species can produce new roots and whole plants even when much of its reserves is removed. However, new roots and seedlings rarely are formed spontaneously, and after cutting, each seed fragment usually produces only one new seedling, suggesting some control of the formation of several seedlings. It is possible, therefore, that germination leads to the production of inhibitory substances avoiding the development of new embryonic tissues. In the present work we have analyzed the potential of germinating seeds of Eugenia uniflora and Eugenia brasiliensis to inhibit new roots and seedling growth. Seeds were germinated after totally or partially fractionated. This last one was also totally fractionated after the development of a seedling, and the halves were also germinated. The results showed that the germination of the E. uniflora and E. brasiliensis seeds have inhibited the formation of new roots and seedlings.
Introduction
Eugenia (Myrtaceae) comprises some native species in Brazil already domesticated and of great economic importance, such as Eugenia brasiliensis Lam. (grumixama), E. involucrata DC. (cereja do Rio Grande), E. pyriformis Camb. (uvaia) and E. uniflora L. (pitanga). They are species that produce fleshy fruits that are suitable for fresh consumption or for industrialization and usually have few seeds (Delgado and Barbedo, 2007; Amador and Barbedo, 2011) . These show a recalcitrant behavior, with different levels of tolerance to desiccation (Delgado and Barbedo, 2007; Delgado and Barbedo, 2012) .
Eugenia species seeds have the potential to generate new roots and even whole plants, even after the removal of much of their reserves (Silva et al., 2003; Prataviera et al., 2015) , which is rare in nature. This feature can be used technologically to increase the potential of plantlet production. Also, there is obvious interest in understanding the factors involved in this regenerative capacity that allows the formation of new seedlings when fractionated; Eugenia embryo anatomy, for example, has been studied (Justo et al., 2007; Delgado et al., 2010) . Interestingly, however, the formation of new roots and seedlings rarely occurs spontaneously: some kind of injury apparently is necessary for them to be formed (Silva et al., 2005; Amador and Barbedo, 2011) .
Despite the existence of polyembryony in species of the Myrtaceae family (Landrum and Kawasaki, 1997) , the Eugenia embryos have been described as monoembryonic, which appear as globular structures, wherein the difference between the cotyledon and the radicle hypocotyl axis is visible only microscopically (Gurgel and Soubihe Sobrinho, 1951; Salomão and Allem, 2001; Justo et al., 2007; Delgado et al., 2010) . However, since the development of new tissues depend on the fractionation, it is possible that injuries in seeds can start a process of inducing the formation of new roots and seedlings, or can block self-inhibition of these formations in germinating seeds. This is because it has been noticed that seeds that are fractionated can generate new seedlings, but rarely more than one new formation in each fragment, suggesting some self-control in the formation of several seedlings. Rizzini (1970) has found that E. dysenterica DC. seeds have substances that inhibit germination and that this inhibitory potential is increased when the embryo begins to germinate. Delgado and Barbedo (2011) have also found an inhibitor effect of germination on germinating seed extracts of E. uniflora when applied to lettuce and bean seeds. Thus, the study of inhibitors of germination can help elucidate the hypothesis of self-inhibition, as seen in coffee seeds (Pereira et al., 2002) .
In studies of organogenesis, the rate of formation and the development of somatic or zygotic embryos are strongly influenced by the chemical composition of the environment. The balance among sugars, amino acids and growth regulators, for example, has shown effects that are sometimes inducers, sometimes inhibitors of the formation of new embryos (Deo et al., 2010; Kanwar et al., 2010; Karami and Saidi, 2010; Swamy et al., 2010) . Thus, in Eugenia seeds, the beginning of the formation of roots or shoots could change the balance of those compounds, which makes an unfavorable medium for differentiation of new seedlings. Seeds of E. stipitata ssp. sororia, which also have the ability to regenerate embryos after fractionation, had seedling development from the seed area opposite to the damaged one, where apparently was the meristematic zone (Anjos and Ferraz, 1999) . However, in the seed complementary fraction, seedlings were formed on the cut surface, which shows some polarity in mobilizing hormones. This may also be related to the fact that only after spliting the halves a second seedling can be regenerated, as shown in seeds of E. pyriformis (Amador and Barbedo, 2011) . It is possible, therefore, that once initiated the germination, the seed produce substances that are inhibitory to the differentiation of new embryonic tissues by the migration of such substances from the germinating area to the others. Thus, a seed fraction could only begin to develop new roots and seedlings after being completely separated from the other tissues or at least sufficiently spaced from the growth area of an existing seedling. However, there is still little information allowing to verify the occurrence of this inhibition in Eugenia species. In the present work, in seeds of Eugenia uniflora and Eugenia brasiliensis, the potential of inhibiting the growth of roots and seedlings from the beginning of the first germination was analyzed.
Material and Methods
Fruits of E. uniflora and E. brasiliensis of two stages of ripening in each species, identified by the characteristic color of each species in the dispersion (referred to as unripe and ripe) were collected at Institute of Botany, in the Brazilian city of São Paulo, SP (23°38' S and 46°37' W) and taken to the Laboratory of the Seed Research. The seeds were manually extracted from the fruit in sieves with running water and the fruit pulp residues were removed. After washing, the seeds remained at rest on germination paper to remove the residual surface water and were stored until the beginning of the experiments in a cold chamber at 7 °C (Kohama et al., 2006) , not exceeding 15 days.
Then the seeds of both maturity stages in both species were classified by size, according to their larger diameter, as small (7.0 ± 1.0 mm in E. uniflora and 6.5 ± 0.5 mm in E. brasiliensis) and large (9.8 ± 0.2 mm in E. uniflora and 13.0 ± 1.0 mm in E. brasiliensis) and evaluated for water content (expressed as a percentage, on a wet basis) by the method of oven at 103 °C for 17 hours (ISTA, 2015) with three replications of five seeds each. Samples of seeds of each size and each maturity stage were submitted to germination test in a growth chamber at 25 ± 1 °C and 95 ± 5% relative humidity, with continuous light provided by four fluorescent lamps of 40 W each. The seeds were placed on paper roll for germination, pre-moistened with tap water (Brasil, 2009) , in eight replications of ten seeds each. The number of roots and seedlings produced was registered every five days, until no longer issuing new roots or epicotyls for 30 consecutive days. The protrusion of the primary root with at least 1.0 cm was used for the calculation of germinative seeds and the production of normal seedlings for calculating germination.
The remainder of the seeds, still separated by species, degree of maturity and size, was divided into two subgroups, one of which was placed to germinate in plastic trays with fine-grained vermiculite, and irrigated with water whenever necessary. The seeds were removed from the substrate as the roots reached 1 cm in length, and then stored in chambers at 7 °C within perforated polyethylene bags to obtain the number required for the experiments. The seeds of this subgroup were called pregerminated seeds (PGS), while the others were called non-germinated seeds (NGS).
Seeds of each subgroup of each size and each maturity stage were submitted to three treatments of incision (with a scalpel): control (kept whole), complete or partial lengthwise incision. In the NGS, the incision passed from the hilum center and in the PGS the incision was made so that one side remained with all the protruding root. In the full incision, hereinafter referred to as fractionation, two fractions were obtained and placed to germinate side by side. In PGS, the fraction containing the root was named fraction R, and its opposite, fraction S. In the NGS, the name was arbitrary. In the partial incision, hereinafter called crack, it was held until about two-thirds of the largest diameter of the seeds, and the halves were kept linked to each other.
The cracked seeds that showed at the end of the germination tests only one primary root without noticeable development of new roots were divided into two groups. In the first group, the incision was completed until the halves were separated. The half containing the root was discarded and its complementary one was placed to germinate, and its origin control was kept and the production of roots and seedlings in the isolated fractions was assessed again. In the second group, the seeds were kept in moist vermiculite to check for possible new germinations.
A completely randomized design, in a 2 x 2 x 3 factorial arrangement (PGS or NGS versus seed size versus type of incision) for each species and each maturity stage was used. The data were submitted to analysis of variance, and means were compared by Tukey test at 5% probability, by Sisvar software.
Results and Discussion
The differences in the water contents of E. uniflora seeds were higher in seeds of different sizes than in the seeds of fruit with different ripening (Table 1) . Throughout ripening, seed water content tends to decrease as the dry mass is accumulated (Barbedo et al., 2013; Marcos-Filho, 2015) . Therefore, the results suggest that the separation of E. uniflora seeds by fruit maturity degree was not efficient, in this work, in producing seeds with different maturity stages, which has already been verified in other species, according to Barbedo et al. (2013) . Thus, ripe fruit seeds were not necessarily riper than those of unripe fruit. Large seeds of unripe fruits may, for example, be in a more advanced degree of ripening than the small seeds of ripe fruits, because these have shown higher water content than those ( In E. uniflora seeds, it was also found that while the values of germinative (whole) seeds have not shown difference among seeds of different sizes (Table 2 , production of whole seed roots), the largest ones, of ripe fruits, have shown higher values of germination than the smaller ones (Table 2 , production of shoots in non-germinated seeds). The values of germinative seeds and whole seed germination of E. brasiliensis, in turn, have demonstrated that the ones of ripe fruit apparently had already started a process of deterioration, as they were generally lower than those of unripe fruit (Table 3) .
Seeds subjected to fractionation (Tables 2 and 3 fractionated) have shown again the potential of the species of the genus Eugenia to form roots and seedlings, even when half of the reserve tissue is removed from these seeds (Silva et al., 2003; Amador and Barbedo, 2011) , and even when still unripe (Teixeira and Barbedo, 2012) .
Another important aspect is that the cracked small E. uniflora non-germinated ripe seed showed higher germination rates than the whole ones (Table 2 ). This suggests that the crack has induced shoot formation in seeds that would only emit the primary root when not injured. According to Amador and Barbedo (2011) , in E. pyriformis seeds it was evident that the formation of new roots and seedlings is ruled by the balance among the promoters of this formation, resulting from the cutting injury, and inhibitors, resulting from the formation of the first root or shoot. It is possible, therefore, that in the E. uniflora the fractionation injury also induces the differentiation of tissues that will produce roots and seedlings. The production of roots on E. brasiliensis PGS was lower in some treatments (especially in small seeds) than the production on NGS (Table 3) . One possible explanation for this result would be that the initial root development may have caused a very low efficiency to regenerate a new root, which reinforces the idea of a process of self-inhibition of these seeds, when starting the germination (Silva et al., 2005; Amador and Barbedo, 2011) . because all unripe ones have shown higher water content than the ripe ones. Table 3 . Production of roots and seedlings (% relative to the initial number of seeds) per seed or fractions of Eugenia brasiliensis seeds, of small and large seeds, derived from ripe or unripe fruits, with no visible germination at the time of the incision (non-germinated) or after the protrusion of least 1 cm of root (pre-germinated), subjected to fractionation (total separation of the seed in two halves) or cracks (cut in half to 2/3 of the seed diameter without complete separation). Values represent the sum of fractions R and S. 21.15 *Means followed by the same letter (lowercase in columns, uppercase in the row and italic comparing pre-germinated with non-germinated) do not differ by Tukey test, at 5%. ** They also produced roots in fraction S.
Germination of cracked seeds allowed the identifi cation of seven different categories of post-crack germination, similar to that described for E. pyriformis seeds by Amador and Barbedo (2011) , being shown in Figure 1A : in category I, one root or seedling are formed in one of the seed halves that was separated by the crack, which began in the area adjacent to the crack, and another root or seedling are formed in the other half; in category II, only one root or seedling are formed in the area diametrically opposed to the crack, which began in the area adjacent to the crack; in category III, only one root or seedling are formed in one of the halves, which began distant from the crack; in category IV, one root or seedling are formed in one of the halves, which began in an area distant from the crack and a root or seedling are formed in the other half, which began in the cracked surface; in category V, one root or seedling are formed in one of the halves, which began in the area adjacent to the crack; in category VI, one root or seedling are formed in the area opposed to the crack, both initiated in the area adjacent to the crack; in category VII, two roots or seedlings are formed in one of the halves, which began in the area adjacent to the crack. Figure 1 . Models of incisions made in Eugenia unifl ora and Eugenia brasiliensis seeds with their germination categories (A) and frequency distribution of the models (B) in seeds produced by unripe and ripe fruit of small (S) and large (L) sizes and in cracked seeds before (NGS) or after (PGS) germination has begun.
It was evident that category III, i.e., formation of root or seedling in an area distant from the crack, was predominant. In 13 of 16 treatments, category III represented more than 75% of all other categories ( Figure 1B) . Exception is for NGS of E. uniflora ripe fruit in which category IV (forming a second root or seedling) was predominant, and E. brasiliensis, in which category V (in which root or seedling are formed in the area adjacent to the crack) was predominant. In unripe E. brasiliensis NGS, the frequency of category V was also high, but did not reach 50%. In these last two, however, there is also the formation of only one root or seedling and, therefore, only in E. uniflora ripe fruit NGS the predominant category involved the formation of a second root or seedling. Interestingly, they are the same seeds in which the crack has induced the formation of seedlings in seeds that would form only root (Table 2) , as discussed above. It is also in this category that the formation of the second root or seedling occurs in an area that is distant from the formation of the first root or seedling. This fact was also observed in E. pyriformis seeds by Amador and Barbedo (2011) , who attributed the second germination to the fact that the first one occurred in a remote area, i.e., there would not be enough time for the migration of potential inhibitory substances from the first to the second germination area. Adding to the fact that in these seeds the crack may have accelerated the process of generating new seedlings, there were more favorable conditions for the factors stimulating new germination to outweigh the inhibitors, as was also discussed by Amador and Barbedo (2011) .
When the fractioning of the cracked seeds of category III, which was predominant, was performed, i.e., when the crack was completed until the halves were completely separated, the fractions opposite to the fractions with root protrusion formed a new root in 28% to 75% (Table 4) . The cracked seeds, of this same category, which were not fractionated, have never produced seedling or root in the other half. The lowest values were seen in NGS of small E. uniflora seeds, i.e., the ones with higher water content which, as noted above, were probably the unripest when harvested. It is therefore possible that the remaining reserves were not sufficient for the second germination, since most of them could have been consumed in the first germination. However, as new roots or seedlings were formed in all treatments, it is evident again that there are processes for inhibiting the development of new roots, promoted by the development of a root or seedling in the same seed, as observed in seeds of E. pyriformis by Amador and Barbedo (2011) . These authors have considered that the production of inhibitory compounds should be continuous, cumulative and coming from the area in which there is seedling growth. 
Conclusions
Seed germination of Eugenia uniflora and Eugenia brasiliensis starts the inhibition of the formation of new roots or seedlings in the seed and seed incision can block the action of these inhibitors.
